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56 The Journal of Thoracic and Cardiobjective: The correction of sinus venosus atrial septal defect with a partial
nomalous pulmonary venous connection to the superior vena cava has been
ssociated with obstruction to the venous return and sinus node dysfunction. We
resent our follow-up of 2 approaches of managing the lesion and compare their
ostoperative results.
ethods: Forty patients underwent operation between March 1999 and January
005, of whom 37 patients (aged 3-50 years) are on follow-up. These patients were
ivided into 2 groups: single-patch repair (group A, 18 patients) and double-patch
epair (group B, 19 patients). Echocardiography and electrocardiography were
erformed 7 days after surgery and during the subsequent follow-up.
esults: The mean duration of follow-up was 22.56 months. There were no post-
perative deaths or residual defects. Six patients in group A and 2 patients in group
had turbulence and a significant superior vena cava-right atrium pressure gradient
f more than 6 mm Hg. Nine patients in group A had a significant gradient causing
urbulence across the right superior pulmonary vein at the level of the patch,
hereas no patients in group B had turbulence across the pulmonary vein. Four
atients in group A and no patients in group B had postoperative rhythm abnor-
alities on late follow-up. There was no other complication.
onclusions: Partial anomalous pulmonary venous connection can be safely man-
ged with multiple techniques with low morbidity. The double-patch technique is
echnically reproducible and offers better results in terms of superior vena cava
arrowing and gradient across the pulmonary vein without any increase in compli-
ations.
inus venosus syndrome accounts for 10% of the patients presenting for
surgery with an atrial septal defect (ASD).1 Sinus venosus syndrome com-
prises a sinus venosus ASD with a partial anomalous pulmonary venous
onnection (PAPVC) to the superior vena cava (SVC). Imperfect surgery in this
ondition may lead to sinus node dysfunction, residual shunt, and obstruction of the
ulmonary veins or SVC.2-4 The goal of sinus venosus repair is to eliminate the
ntracardiac shunt without causing stenosis of the pulmonary veins or the SVC and
ithout injuring the sinus node. Various surgical techniques have been adopted, for
xample, incisions across the cavoatrial junction,2,5 right atrium (RA) free wall
uscle flaps,6 and transection and relocation of the SVC to the RA appendage.7 Two
ommonly adopted techniques are the single-patch and double-patch repair. This
tudy compared the postoperative results of both these approaches with respect to
VC narrowing, right superior pulmonary vein narrowing, residual ASD, and
hythm.
vascular Surgery ● March 2007
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Daterials and Methods
etween March 1999 and January 2005, 40 patients underwent
epair for sinus venosus ASD with PAPVC to the SVC, of whom
7 are on follow-up. These patients were divided into 2 groups:
ingle-patch repair (group A, 18 patients) and double-patch repair
group B, 19 patients). Permission was obtained from the patients,
ospital committee, and institutional review board. Both groups
ad similar preoperative anatomy with the right upper and middle
ulmonary veins draining into the SVC just above and at the
VC-RA junction. The pulmonary veins draining high up in the
VC were excluded. The mean follow-up was 22.5 months. Pa-
ients’ ages ranged from 3 to 50 years (mean: 15.1 years). The age
ange was 6 to 41 years in group A and 3 to 50 years in group B.
he weight ranged from 15 to 68 kg in group A and 11 to 72 kg
n group B. Twenty-eight of the 37 patients (75.6%) were asymp-
omatic before surgery, whereas the remaining 9 patients demon-
trated easy fatigability, chest pain, or reduced exercise tolerance.
ll of the symptomatic patients were aged more than 40 years.
reoperative echocardiography revealed a pulmonary hypertension
f more than 30 mm Hg in 7 patients. Documented arrhythmias
ere absent before surgery in all patients. A right bundle-branch
lock pattern was present in 10 patients (27%). None of the
atients underwent angiography. Follow-up included physical ex-
mination, 12-lead electrocardiography, and serial transthoracic
chocardiography as part of the postoperative protocol. Color
oppler was used to assess the venous structures.
perative Technique
n all patients, the SVC was cannulated above the anomalous
enous drainage, and a curved cannula was used for the inferior
ena cava. The surgery was performed under mild hypothermia
nd cardioplegic arrest. Eighteen patients (group A) underwent a
ingle-patch technique in which a pericardial patch was used to
lose the ASD and reroute the anomalous pulmonary vein or veins
nto the left atrium, and the SVC was closed primarily. Nineteen
atients underwent a double-patch technique in which a pericardial
atch was used to enlarge the SVC (Figures 1 and 2), thereby
roviding an unimpaired drainage to the SVC and pulmonary veins
Figure 3). The ASD was not restrictive in any of these patients,
nd none had left SVC. Intraoperative transesophageal echocardi-
graphy was not used in any of the patients, and no patients
equired intraoperative revision.
esults
he mean duration of follow-up was 22.56 months. There
ere no early or late postoperative deaths. There were no
esidual defects in any of patients. Six patients in group A
Abbreviations and Acronyms
ASD  atrial septal defect
PAPVC partial anomalous pulmonary venous
connection
RA  right atrium
SVC  superior vena cavand 2 patients in group B had a significant SVC-RA pres- t
The Journal of Thoracicigure 1. Pericardial patch closure of the atrial septal defect and
erouting of the anomalous pulmonary veins into the left atrium.igure 2. Pericardial patch enlargement of the superior vena
ava with a second pericardial patch.igure 3. Diagrammatic representation of the double patch
echnique.
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Dure gradient of more than 6 mm Hg causing turbulence
P  .005). The pressure gradients were present throughout
he follow-up period. One patient in group A with a gradient
f 13 had symptoms of SVC narrowing in the form of
ecent-onset headache, frequent episodes of giddiness, and a
ew dilated veins in the neck. Corrective surgery for this
atient is under consideration. No cardiac catheterization
as performed in any of these patients.
Nine patients in group A had a significant gradient caus-
ng turbulence across the right superior pulmonary vein at
he level of the patch, whereas no patients in group B had
urbulence across the pulmonary vein (P  .0001). Of the 9
atients, 2 with a gradient of 9 and 8.4 had right-upper and
iddle-lobe haziness in repeated radiography. Both of these
atients are asymptomatic and on follow-up.
Four patients in group A had postoperative junctional
hythm with intermittent sinus escapes. All of these patients
re asymptomatic and on follow-up. None of the patients in
roup B had any rhythm disturbance. Four of the 7 patients
ho had elevated pulmonary artery pressure had reduction
n pulmonary artery pressure postsurgery.
iscussion
he surgical management of sinus venosus ASD with
APVC has evolved over the years, ranging from closure of
he ASD and leaving or ligating the anomalous veins to total
orrection with rerouting of the anomalous veins to the left
trium.8,9
The common procedures include the single- or double-
atch technique, as shown by various reports.10-12 There
ave been speculations that compartmentalization of SVC
ith patch rerouting was followed by SVC obstruction.13,14
e showed that the double-patch method is superior to the
ingle-patch method with regard to SVC narrowing. Both of
he techniques were performed at the same time during the
tudy period and adopted by the surgeons. This study was
ndertaken after SVC narrowing, and SVC syndrome de-
eloped in a few patients after the single-patch technique.
here are significantly more patients who underwent oper-
tion without SVC augmentation (P .005) compared with
atients who underwent a patch augmentation. Significant
VC gradient was noted as 6 mm Hg by Trusler and
olleagues.2 We have also observed turbulence in the SVC
n the region of the patch, as visualized in Doppler, when
he gradient is greater than 6 mm.
None of the patients in group B had any gradient across
he pulmonary vein caused by the patch, but 9 patients in
roup A have turbulence at that region in postoperative
ollow-up echocardiography (P .0001). This may be related
o the fact that smaller patches are used in the single-patch
ethod to prevent any redundancy of the patch, which may
ventually cause SVC narrowing. The size of the patch is of
tmost importance in this method because a smaller patch
58 The Journal of Thoracic and Cardiovascular Surgery ● Marcay cause pulmonary vein narrowing and a larger patch
ay contribute toward SVC narrowing. Some surgeons
erform the single-patch method for PAPVC to the
VC-RA junction and a double-patch method for any other
nomalous connection above the junction.12 All of our
atients with the single patch had turbulence across the
ulmonary veins and significant SVC gradient, including
he patient with clinical and echocardiographic features of
VC stenosis who had PAPVC only to the SVC-RA junc-
ion. Turbulence across the pulmonary vein at the level of
he patch developed in 4 patients in group A, 2 of whom had
adiography findings of venous congestion. These patients
re presently asymptomatic and on follow-up.
Rhythm disturbances are known complications of the
urgery. We have encountered 4 patients with postoperative
unctional rhythm, all of whom underwent the single-patch
epair. This was the result of intraoperative damage to the
inoatrial node or the artery to the sinoatrial node. There
ere no rhythm abnormalities in the remaining patients in
ither group in the long-term follow-up. There are reports
hat an incision in the SVC or across the cavoatrial junction
ay cause sinus node dysfunction in follow-up even if there
s no injury to the node or the artery because of fibrosis in
hat area.15 We have not encountered such events in long-
erm follow-up. DeLeon and colleagues16 observed rhythm
bnormalities in only 2 of the 18 patients with cavoatrial
ncisions through the sinus node. Therefore, if the incision is
roperly planned and carefully sutured, the chance of
hythm abnormalities is less. The only risk is the varied
ourse of the artery to the SA node, which may lie in the
ateral aspect of the SVC-RA junction, but this risk persists
or all the techniques except that of Gustafson and col-
eagues.7 This modification involves transection of the SVC
ith anastomosis to the RA appendage and has the disad-
antage of a venous anastomosis with the possibility of
cute thrombosis or subsequent stenosis.17 The transcaval
epair involves an incision only in the SVC and is applicable
or PAPVC to the SVC-RA junction, besides the patch
hould not be redundant whereby it can cause SVC obstruc-
ion.18 The double-patch technique to repair sinus venosus
SD with PAPVC is a safe, simple, and reproducible tech-
ique. It does not cause SVC or pulmonary venous obstruc-
ion and maintains normal sinus node function in the long-
erm follow-up.
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